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Introduction 1
The erosion of foreshore slopes by rip currents and associated tidal flows represents a major 2 problem in many estuarine environments (Short, 1985; Winn et al., 2003) . For example, erosion 3 threatens the bank defences that protect >90,000 ha of arable land and 30,000 people with 4 property within the flood plain of the Humber estuary in the UK (Winn et al. 2003 ). Another whether coastal or estuarine, are gradually washed away as they undergo erosion mechanisms available vegetative cover may also play key roles in estuarine foreshore erosion. Considering the above erosion mechanisms and factors that interplay in shore erosion, it 8 therefore follows that a potential strategy to effectively control estuarine foreshore erosion would 9 be one that is designed around these factors and supposed erosion mechanisms. Effective 10 stabilisation technique for foreshore slopes remains a challenge, and there are no approaches 11 proposed in existing literature to prevent foreshore erosion with minimal implications. If one 12 were to think about remedial measures for foreshore slope erosion, one may approach these by 13 borrowing techniques that are currently adopted in general erosion control strategies; these may 14 be by applying techniques that support the slopes in any of the following two ways: 1) by using The process of simulating tidal cycles for determining soil slope erosion and the injection of 6 treatment solutions into soil slopes were all carried out in a cube-shaped container (0.2m sides) 7 made from 'Perspex' (polymethyl methacrylate, PMMA). PMMA is a tough, transparent, 
Soil 19
Sandy soil was sourced from Troon beach in Ayrshire, UK and air dried in the laboratory.
20
Intrinsic and experimental test properties of the soil are given in Table 1 and Table 2,   21 respectively, while the grain size distribution of the soil is shown in Figure S1 (supplemental Angle of repose (wet) 35.7 
Water 7
To minimise any interplay of extraneous variables like salt concentrations in water and/or 8 introduction of foreign bacteria species, water was purified by reverse osmosis. Also, the same 9 purified water was used at intervals between application of bacterial solution and cementation 10 fluids to avoid clogging. 
Experimental set up/methodology
1 Two basic experimental set ups were developed for each assay. A schematic view of the first set 2 up, which established the slope erosion mechanisms, is shown in Fig. 3a . The second set up, 3 which was for the MICP treatment process, is as shown in Fig. 3b . The investigation involved two core workplans to achieve experimental objectives, these are: 1) 7 simulation of tidal cycles without any cementation treatments, performed to establish baseline 8 erosion mechanisms with three different slope conditions, i.e., 48°, 51° and 53°; and 2) 9 simulation of tidal cycles on MICP-treated slopes. The microbial and cementation solutions 10 necessary for slope treatments were prepared for two slope treatments: one for the steepest slope 11 before collapse (53°, which is steeper than the angle of repose) and the second, representing the 12 approximate slope formed immediately after steep slope collapsed (35°, erosion prone slope); it 13 was after the collapse to this slope that progressive sediment erosion trends were observed and 14 studied per tidal cycle. Other additional experimental procedures for determination of calcite production and estimation of strength of cemented soil were, thereafter, carried out to determine 1 treatment effectiveness. Specific details for each work plan are presented below. Perspex box using the graduated scale attached to it. Sediments washing into the drain container 19 were also collected, weighed and recorded at the end of every ten cycles. The mass of soil 20 deposited at foot of slope was determined at the end of the thirtieth cycle. The tidal procedure 21 was repeated thirty times and carried out for soil masses of 2250g, 1000g and 500g, forming 22 slope angles of 48°, 51° and 53° respectively, as well as for the treated slopes of 53°and 35°.
23
(The soil masses adopted were scaled down progressively to determine erosion mechanism at 24 various soil quantities and to have minimum possible soil volume that effectively demonstrates 25 erosion mechanisms and minimise the resources required for MICP). were collected, autoclaved and weighed. The soil mass used, moisture content and compacted 7 bulk density for both slopes treated are given in Table 3 . After compacting the soil to desired bulk density in the Perspex box, three grout pipes (flexible 11 plastic straws) were used per slope treatment to disperse cementation solutions. The length of the 12 straws was randomly perforated using a pin, and the bottom of each straw was plugged with 13 silicone sealant. These were then installed through the openings atop the Perspex box into the 14 soil. The peristaltic pump was calibrated to apply the solutions at 6 mL/min, as advised by Additionally at conclusion of MICP treatment and tidal cycles, the cemented soil slopes were 5 removed from the Perspex box and oven dried; the oven dried mass was determined using the 6 weighing scale, and then the sample was washed in 10% HCl to remove the calcite formed. The 7 respective sample weights after acid washing and oven drying were recorded. and stopped when a drop in the stress-strain plot was observed. erosion mechanisms. Figure 4 shows the response or evolution of the slope for the three different 21 initial inclinations of the slope during the first simulated tidal cycle.
Application and assessment of MICP technique.

22
Visual evidence showed that the first simulated rip current cycle caused a drastic collapse of the process was similar for all three soil masses/slopes tested ( Figure 5 ).
12
The new slope formed after the initial collapse due to tidal effect was approximately 35° in all The mechanism of slope failure was found to be similar for all three steep slopes tested (48°, 51° 4 and 53°) even though they were made up of different respective soil masses of 2250g, 1000 g 5 and 500 g; this indicates that sandy soil slope failure and erosion mechanisms follow similar 6 trends irrespective of the soil mass forming the slope. Further studies may be necessary to 7 substantiate whether this can be extended to other scenarios.
8
The trend of erosion occurring after sandy soil slope failure (due to effects of tidal currents) Visual camera images showed a whitish fluid discharge from the foot of the slopes and staining the 10 floor of the Perspex box; this became more evident after the third treatment cycle (see Fig. S2 ) and
11
continued to increase in intensity in subsequent treatment cycles. White calcite patches became 12 visible also on the soil slope surface. The slopes were very rigid and firm after treatment to the 13 extent that it was difficult to detach the soil mass from the Perspex box.
14 Concentration of ammonium and calcium from treatment effluents. 15 Cation concentration in effluents, collected at foot of slope, provided an indication of MICP 16 performance ( Table 4 ). The production of ammonium, a by-product of ureolysis, indicated that the 
Mass balance after acid-washing of cemented soil 9
A third evidence of calcite precipitation, and hence soil cementation, was the result of mass 10 reduction from acid digestion. The cemented soils were removed from the Perspex box, oven dried 11 and weighed before and after acid (10% HCl) dissolution of calcites ( 
Strength of cemented soil 12
To get a rough estimate of the strength of cemented soil, four cylindrical cores were taken from the 13 treated slopes ( Figure S3 ) and subjected to unconfined compressive strength (UCS) test. It should be has made explicit the fact that superlative amount of calcite was produced from the MICP process 11 and these was sufficient enough to bring about a highly cemented soil slope capable of resisting 12 collapse/failure and erosion under tidal current cycles. 
20
MICP treated soils were significantly more improved compared to untreated one subjected to the 21 same thirty tidal current cycles to check stability and erosion.
22
Erosion and slope stabilization issues are diverse and occur in varied locations/conditions. The slope, a relatively shallow penetration of treatment (10 -20cm), would be sufficient; this should be 10 easy to achieve considering methodologies already experimented, with relative success, in the field. 
